pyridine, while Positions 2, 6 become more negative. Thus in this calculation, coordination with BHa not only produces charge transfer from N to B but also from N to neighboring carbons (N-C overlap population also is greater in Py BHa). This could be an artifact of a computation which uses the same Coulomb integrals for N regardless of environment. On the other hand one can construct an explanation for the anomalous PyBH a hydrogen chemical shifts reported by Brey et al. 6 by superimposing upon this charge distribution the effect of increasing ring currents.
The B ,N naphthalene 20 and B ,N biphenyl linked via either B-B21 or B-N20 have also been examined. In the naphthalene analog, the gap between filled and unfilled orbitals is large and only slightly smaller than in 20 A. W. Laubengayer, P. C. Moews, Jr., and R. F. Porter, J. Am. Chern. Soc. 83, 1337 Soc. 83, (1961 borazine. This situation, quite different from the benzene, naphthalene progression, indicates the trend which culminates in a colorless hexagonal boron nitride. The B-N linked biphenyl analog prefers to be slightly twisted, while the B-B linked compound should be planar. (The N hydrogens which are the source of steric difficulties in the planar form are positively charged and thus "smaller.") The total charge distributions which are shown in Fig. 6 may be of some interest when the NMR spectra of these compounds are examined.
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I would like to thank W. N. Lipscomb for useful advice and M. E. Lesk for computational assistance, and R. Schaeffer for critical comments. The calculations were carried out at the Harvard Computing Center, and this work was supported by a research grant from the National Institutes of Health. The conformations, relative stabilities, and electronic distribution of a sample of the more important carbonium ions and positively charged hypothetical transition states are examined. The species studied include the methyl, ethyl, isopropyl, tertiary butyl, and higher alkyl carbonium ions; protonated ethylene, acetylene, benzene, cyclopropane; the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl carbinyl, allyl, and benzyl cations; the carbonium ions based on norbornane, norbornene, norbornadiene. Significant charge delocalization for a classical carbonium ion geometry is observed-the extent of this phenomenon is wider than anticipated. For the alkyl carbonium ions it is shown that the order of stabilities may be obtained from a calculation in which the polarity of the C-H bond is C--H+. Protonated ethylene and acetylene show local minima for a symmetrical complex, but with rearrangement to an unsymmetrical cation favored. Protonated cyclopropane prefers an unsymmetrical three-center bonded structure, protonated benzene stabilizes in the familiar benzenium. The orientation of the empty carbonium p orbital with respect to other lI'-type orbitals determines the conformation in cyclopropyl carbinyl, benzyl, and allyl. The peculiar nature of the cyclopropane electron distribution is studied. The carbonium ions based on the bicyclo[2.2.1]-heptane structure show some nonclassical features; confirming experimental conclusions, the unusual 7-norbornadienyl cation is calculated to prefer an unsymmetrical geometry. Difficulties in applying the extended Huckel theory to charged species make some of the conclusions from the calculations less certain.
T HE theoretical literature on carbonium ions is almost exclusively limited to conjugated molecules!; the experimental literature on the other hand abounds with speculations regarding positively charged species of every possible variety.!·2 In part, the more specula tive aspects of various structural proposals are due to the fact that the ions are such transitory and elusive entities that only indirect evidence, amenable to many interpretations, is available; in part, they have been almost encouraged by the absence of a guiding theoretical framework. The problem is difficult-carbonium ions are electron-deficient compounds and their structural variety and problems will be similar to the hardly simple boron hydrides. a
In this contribution, the extended Huckel theory, described in the first paper of this series, 4 is applied to a sampling of carbonium ions. The parameters for carbon and hydrogen are identical to those used in the work on the hydrocarbons. 4 The cations investigated fall into four classes:
(1) Carbonium ions formed by loss of H-from normal or branched alkanes (methyl, ethyl, isopropyl, tertbutyl,5 etc.) .
(2) Ions formed by coordination of H+ to a stable molecule, and often implicated as transition states in electrophilic reactions (ethylene, acetylene, benzene, cyclopropane+ H+).
(3) Cations in which 11' delocalization plays a role in determining conformation and stability (benzyl, allyl, cyclopropyl carbinyl) .
(4) Carbonium ions suspected of nonclassical behavior (norbornyl, norbornenyl, norbornadienyl) .
It was anticipated that if the success of the extended Huckel theory for neutral molecules depended on an approximate cancellation of electron-electron repulsions and nuclear-nuclear repulsions in Eq. (1) below, then the theory would run into difficulties for charged species. The total Hartree-Fock molecular energy for the neutral molecule may be written as
where ti are one-electron ener~s, LEnn, the sum of nuclear-nuclear repulsions and LEee, symbolically rep· resents the sum of electron-electron repulsion matrix elements. The hypothesis set forth in the first paper was: (1) The prescribed method of choosing H ii and Hij constitutes an intelligent guess for the matrix elements of a Hartree-Fock Hamiltonian, whose eigenvalues are the ti. (2) Total energies may be obtained as simply 22:ti since the last two terms in Eq. (1) cancel approximately, or at least their difference varies slowly with R. A consequence of these conjectures is that the energy of a positive ion formed by loss of an electron from a neutral molecule cannot be given simply by an orbital energy sum, since there are now fewer electron repulsions and the missing electron repulsion term is certainly not a slowly varying function of R. Similarly a nuclear repulsion term is added if a cation is formed by addition of a proton to a neutral molecule. It would seem a simple matter to evaluate this additional repulsion as a function of separation, certainly in the case of the completely classical nuclear-nuclear repulsion, and to add it on to the orbital sum. Unfortunately, the inclusion of such a repulsion eliminates completely the shallow potential minima for the carbonium ions. It was decided then to attempt to disregard the added repulsion for cations (for anions it is an attraction) and to proceed with care in locating conformational minima. In two cases difficulties were encountered, apparently due to the failure to take into account a short-range repulsive term. In the protonated acetylene and ben-S The notation used in this paper departs from standard usage in that.CH s CH2+ is termed ethyl carbonium ion, instead of methyl carbomum, etc. zene the best potential minima corresponded to arrangements of hydrogens much too close to each other. These are discussed in the relevant sections.
In summary, in the following discussion, those conclusions which depend on energetic considerations when large variations in internuclear distances take place are in doubt. Where only the orientation of one part of a molecule is varied, or where the arguments are concerned with electron distribution, the calculations are believed to be reliable. Finally, it should be kept in mind that the calculations refer to isolated, unsolvated species.
STABILITY OF ALKYL CARBONIUM IONS
It is widely assumed that a methyl group is a better electron donor than hydrogen. In part, the argument is tied to the experimental order of stability of carbonium ions, i.e., in order of increasing stability: methyl, ethyl, isopropyl, tert-butyl. A quantitative estimate of the stability difference may be obtained by comparing the heats of formation of the ions (262, 224, 190 , and 160 kcal/mole, respectively6) with the same quantities for the parent hydrocarbons (-16.0, -16.5, -19.5, and -25.3 7). The usual argument is that the tertiary cation is more stable than the secondary since there are more methyl groups in the former to act as electron donors. The implicit assumption is that electroneutrality is a good thing, i.e., the more negative charge donated to the positive site, the more stable the carbonium ion.
The proponents of this argument also point out that a polarity of the C-H bond such as C--H+ is inconsistent with the stability order; for if C is more electronegative than H, the CRa will be electron withdrawing with respect to R. 8 Now good limited-basis SCF functions for simple hydrocarbons are becoming available; they clearly indicate that the hydrogen carries a net positive charge in the popUlation analysis.
9 In my previous work this polarity was reproduced and a methyl group was indeed found to be electron withdrawing with respect to a hydrogen; nevertheless, it was shown that this did not prevent the computation of a reasonable charge distribution for toluene. 4 In this work we have therefore undertaken a study of alkyl carbonium ions to see if the correct stability order could be predicted with our ordering of -CRa and -R electronegativity. The results indicate that it can.
In Table I are listed calculated total energies for some carbonium ions. Unless the cation is specified as planar, its geometry is taken as that of the parent hydrocarbon with a hydrogen removed. We will also use the term "tetrahedral carbonium ion" for this form, as well as "trigonal" for the form planar about C+. Methyl, ethyl, isopropyl, and tert-butyl were studied in planar geometries; this meant an investigation of various possible hydrogen arrangements in the planar form for isopropyl and tert-butyl, since simple angular distortion at the central carbon atom did not necessarily lead to the most favorable conformation. The energies in Table I are for the best possible geometrical arrangement, in which at each primary C, one H is coplanar with all the carbons. The process studied theoretically may be described by the sequence of transformations where Rtrig+* is the simply flattened trigonal cation and R trig + the cation of optimum conformation. should be assigned to H +e-in the reaction RH~R++H+e-.
We can, however, obtain the stabilizations relative to methyl cation. These are 0.95, 1.59, and 1.99 eV for ethyl, isopropyl, and tert-butyl, respectively, compared to the experimental 1.63, 2.97, and 4.02 eV. The qualitative trend is correct. The calculated stabilizations relative to methyl may be analyzed stepwise as follows: bons' that there is constancy for the type of carbon ionized (assuming cons tan t reorganization energies) . In the longer chain alkanes, investigated in their completely extended trans configurations, there appears a difference in the energy of the carbonium ion formed by loss of a terminal hydrogen of up to 0.1 eV, depending on whether the missing hydrogen is in the carbon plane (more stable, listed in Table I ), or not. This difference is interesting, along with its effect on the charge distribution-it is probably not significant since it will be removed by subsequent reorganization. The charge distributions in the carbonium ions are illustrated in Fig. 1 , which compares tetrahedral and planar common carbonium ions with their parent hydrocarbons; and in Fig. 2 for the possible carbonium ions derived from n-nonane. An important correlation between the charge distribution on carbons in the parent alkane and the stability of the corresponding cation should be noted-in general, the more positive the original site, the more stable the ion. The correlation is not perfect, as may be seen from the interior sites in n-nonane; it also runs counter to the above mentioned electroneutrality principle. Nevertheless, it is an interesting and verifiable prediction that in a medium sized normal alkane the most stable carbonium ion will be the one localized on the penultimate carbon.
In Fig. 1 , one may look for correlations between charge distribution and stability. First it should be noted that, accepting the RH charges, the placing of a positive charge on the central carbon would give that atom a charge of +0.470, +0.644, +0.815, and +0.981, respectively. The cation charges, with the exception of methyl, are increasingly less positive than these figures indicating that stability, as in the verbal argument, is associated with ability to get rid of positive charge. On the other hand, the actual charges are such that the tert-butyl central C is more positive than isopropyl, indicating that the methyl group is a better electron acceptor than H (but the reverse would be concluded from the methyl-ethyl pair!). The primary energy gain in the stabilization of the cations is in the step RH~Rtetr+, with what, for want of a better term, we may call hyperconjugative charge transfer away from the ionized site. Stabilization gained in the step Rtetr+~Rtrig+ appears to be primarily steric in nature, since, as may be seen from Fig. 1 , the ionized site is in general more positive for the trigonal cation. The total picture is not clear, but it appears that there are two effects operative, an inductive effect in which the methyl group is an electron acceptor, and a hyperconjugative effect in which methyl groups act as electron donors, and which operates only in the cation.
Some interesting phenomena may be noted in the population analysis. One is the significant increase in bond order between C+ and its neighbors on going from RH to R tetr + to Rtrig+. Another occurs only in R tetr + and may be termed the" trans" effect. Thus in C 2 H 6 + the hydrogen trans to the hole acquires much mOre positive charge than other hydrogens. This is also true in the higher carbonium ions, where the presence of a carbon chain trans to the hole is associated with increased stability and charge delocalization. Finally, while there is practically no difference in energy or carbon charge between the two rotamers of trigonal C 2 H 6 +, there is a difference in hydrogen popUlations, illustrated in Fig. 3 . These results are in qualitative accord with conclusions regarding the conformational dependence of secondary deuterium isotope effects in solvolysis.1°
It should also be noted that as far as hydrogens are concerned the calculation shows virtually no propagation of inductive effects, i.e., unless there is steric hindrance, hydrogen charges depend only on the atom to which H is bonded. Exceptions occur when the neighboring atom has a vacant p orbital. The conclusions of this section regarding the inductive effect of -H and -eH3 are diametrically opposite to currently accepted ideas. The latter have been eminently successful in consistently correlating a vast body of chemical information. It remains to be seen if calculations of the type reported here can yield better results. This species has been viewed from two perspectives; first as an ethyl carbonium ion based on the ethane geometry, second as a protonated ethylene. If the ethane geometry is retained, but an H-removed, C 2 H.+ prefers the staggered conformation by an energy calculated as 2.0 kcal/mole. However, for the same C-C distance, the form of the carbonium ion planar at -CH2+ is favored over the staggered ethanelike conformation by a computed 24 kcal. In this trigonal form the barrier to ~n~er nal rotation is sixfold and is calculated to be neglIgIble (less than 0.001 kcal). The population anal~sis ~or the tetrahedral and trigonal forms may be seen m FIg. 1 .
To study the protonated ethylene, we locate C2H4 in the xy plane with the y axis passing through the carbons.
H+ clearly prefers to approach the molecule along the z axis, reaching, according to my calculati~n, the configuration of minimum energy about 1.2 A above the origin. The molecular diagram for this geometry may be found in Fig. 4 ; it is apparent that a three-center bond or alternatively, a 7r complex, is being formed. The way in which individual energy levels of ethylene are perturbed in this species is shown in Fig. 5 . The sy~ metrical complex is a local minimum; it is stable wIth respect to motion of the bridge proton in the xy plane; however there exists a more stable structure, correspondin~ to an unsymmetrical CH a CH2+' Keeping C=C at 1.34 A the difference between the bridge and the CH a CH 2 + structures is calculated as 2.0 kcal. The actual energy differences computed are suspect since no account has been made of C-C bond length distortion, nor can this reliably be made with this calculation. I have also not studied the combination of H+ approach and =CH2 deformation-there are too many degrees of freedom in the motion. Thus it has not been determined whether there is an activation energy in going from the symmetrical to the unsymmetrical structure. Nevertheless I believe this calculation is the first theoretical con· , firmation of the organic chemists' concept of what happens in the primary stage of addition to the double bond. A more detailed study of this reaction, with substituents of varying electronegativity, is being contemplated.
C a H 7 +-PROTONATED CYCLOPROPANE A species of this composition is prominent in hydrocarbon mass spectra and there has been some speculation that it may involve a ring structure. 2d ,1! This cation, or its derivatives, also merits consideration as a .transition state in reactions involving 1, 3 hydride shIfts. In this calculation a protonated cyclopropane is examined, carbon ring located in the xy plane, with origin at center of ring, and a carbon atom on the positive x a~is. Test~ng several likely routes for the extra proton, whIle keepmg the CaH6 geometry intact, it is found that the preferred 11 P. N. Rylander and S. Meyerson, J. Am. Chern. Soc. 78, 5799 (1956) . approach is along the negative x axis, i.e., in the plane of the carbons and in the direction of the center of a C-C bond. The equilibrium position is reached 0.85 A from the bond center; the population analysis for t~is bridge bonded structure is illustrated in Fig. 4 . WIth C-C distances fixed this form does not want to go over to the" ethylene alkonium ion",12 H 2 C=CH 2 ........ + ....... . CHa whose energy is calculated as 0.250 eV above the threecenter structure. If C-C distances are allowed to vary, the protonated structure appears to be unstable with respect to ethylene and CHa+. The experimental evidence is not conclusive, but an analysis of the products of deamination of aminopropanes labeled with 14C or deuterium 1a ,14 indicates that the transition state is not symmetrical or an "ethylene alk~nium ion." . The distribution of electrons m cyclopropane Itself has been an intriguing problem. Our calculations support to some extent the orbital picture of Walsh,15 who suggested that one may obtain a simple view of .cyclopropane bonding if one begins with a,n Sp2 hybnd set, the pure p orbital in the plane of the nng. A plot of the total electronic density distribution yields the very small angle of 7.5±1 0 between the C-C line and the point of maximum density on a line perpendicular to the C-C axis. The degenerate, highest occupied level pair is almost entirely composed of p orbitals in the carbon plane; since H+ interacts primarily with the highest filled orbitals, it is not surprising that the most stable CaH7+ has the proton located out from the center of a bond. The way in which the cyclopropane orbitals are perturbed by the proton bridge is indicated in Fig. 5 .
This ion is exceedingly important as the prototype of intermediates in aromatic substitution. Benzene was placed in the xy plane with the x axis passing through two carbons, origin in center of ring. A proton was then brought close to the ring along, respectively the x, y, and z axes. The teast favorable direction was that in which a symmetrical approach was made along the z axis. The best approach was along the x axis, i.e., onto a C-H. In this case, however, we encountered the failure of the method mentioned in the introductory section, i.e., the energy minimum resulted for intruding H+ al~d ring H both on the x axis and separated by onl~ 0. of short-range repulsions is discounted, another minimum occurs for the geometry generally ascribed to the benzenium cation, i.e., two hydrogens, out-of-plane, both symmetrically bonded to a ring carbon. In our calculation the minimum occurs for an HCH angle of 100°, with the populations shown in Fig. 4 . The charge distribution agrees qualitatively with that expected from a resonance argument ltnd with the calculations of Pickett et al. 16 C2H a+-PROTONATED ACETYLENE This calculation ran into the same difficulties as C6H7+' For C2H2 located on the x axis, an approach by H+ along x leads to an equilibrium position with the two hydrogens very close to each other. If this situation is set aside, a similarity to C 2 H 5 + is noted. The cylindrically symmetrical favored approach is along y, with a local minimum about 1.2 A from the x axis. If the acetylene hydrogens are allowed to distort, a more stable unsymmetrical C2V form is preferred. The population analysis for this geometry, as well as for the form at the local minimum, is illustrated in Fig. 4 . The exocyclic C-C distance is 1.54 A in methyl cyclopropane, 1.50 A in cyclopropyl carbinyl, so that the comparison is not precise-nevertheless it is obvious that the 90° form is more" normal." Some calculations were made for a "tricyclobutonium ion"17 in the geometry of a C-H+ sitting at various distances on the threefold axis of cyclopropane. No minimum at all was found for this form; moreover for C+ less than 2.5 A above center of ring the molecule has an orbitally degenerate ground state. The bicyclobutonium ions appear to be too unsymmetrical to be reliably studied by this method.
In view of the surprisingly large C4H7+ barrier, larger cyclic carbinyls were investigated. The following energy differences between the 90° and 0° rotamers were calculated cyclobutylcarbinyl -0.088 cyclopentyl (planar) +0.058 cyclohexyl (equatorial) +0.022. The molecule considered here is the classical carbonium ion of methyl cyclopropane. The species is of particular interest in a study of the orientation of the trigonal carbonium grouping in various environments since cyclopropane is somewhat set apart from other saturated species in its electronic distribution. We have alluded to this in the section on CaH7+, and if the Walsh representation is valid, the carbonium ion should prefer to orient itself so that -CH 2 + and the tertiary hydrogen are coplanar. In this way maximum 7r overlap is achieved between the carbonium p orbital and the 7r-like top filled orbitals of cyclopropane. This is indeed confirmed by this calculation, which studied orientations of the -CH 2 + group 0, 30, 60, and 90 degrees removed from coplanarity. 0° is preferred to 90° by 0.384 eV. While this energy is no doubt too large, the orientation is certainly significant, in view of the fact that the CH a CH 2 + barrier is negligible and that methyl cyclopropane itself definitely prefers a staggered conformation. The population analysis confirms that in the 0° form a stabilizing interaction takes place: peculiarity of cyclopropane. I have no explanation as to why cyclobutylcarbinyl prefers the 90° form; in this geometry there is considerable 1,4 charge transfer as well as 1,3. Axial cyclohexyl carbinyl also prefers the 90° geometry, but this is understandable since at 0° steric difficulties are maximized. The axial-equatorial difference between the most stable rotamers is 0.118 eV, significantly less than that computed for methyl cyclohexane in I. The cations of norbornane, norbornene, and norbornadiene have been the subject of much speculation. 2b ,c,lS,19 My method of calculation is not sufficiently reliable that much can be safely concluded from comparisons of structures differing in many degrees of freedom, such as the extremes forwarded in the nonclassical carbonium ion controversy.I s Rather the procedure will be adopted of viewing the cations as classical, but looking in the resultant electron distribution for one nonclassical feature, namely unusual delocalization. The species studied were the neutral molecules mentioned above, the epimeric tetrahedral and trigonal forms 20 of the 2-and 7-nor· bornyl, 5-and 7-norbornenyl, and 7-norbornadienyl cations [the numbering system is shown in Fig. 7(a) ]. For the last two, one symmetric distortion of C7 from the classical position was examined.
The charge distributions of the parent hydrocarbons and the trigonal ions are indicated in Fig. 7 . For the ions, the numbers shown are differences in charge between the neutral molecule and the cation. In Table II 414 (1960) were used for norbornane, with hydrogens at RCH.R' placed symmetrically in the plane bisecting RCR' and perpendicular to it, with tetrahedral HCH angles. For norbornene and norbornadiene a model was constructed with C2-C, 1.34 A, and both atoms in the original norbornane plane. The hydrogens in the carbonium ions were placed in the RCR' plane and radially out from the 'midpoint of the line joining C1 and C,.
calculated energies are listed, and a comparison with experimental solvolysis reactivities 20 shows that for the three epimeric pairs the reactivities are correlated with the relative stabilities of the tetrahedral carbonium ions. 21 If all the ions are compared on an absolute scale by taking as a measure of stability the difference in energy between the hydrocarbon and the cation, the anti-7-norbornenyl and 7-norbornadienyl ions do not emerge as particularly stable. This contrast with their experimental reactivity, hinting at unusual behavior, is exposed below. For all of the ions excess stability is paralleled by the ability to transfer charge away from the ionized site. To judge whether unusual non bonded charge transfer is taking place, a comparison standard for" normal" 1,3 charge delocalization is needed. To this end I have carried out calculations on the carbonium ions of npropyl carbinyl and the 4-carbonium ion of butene-I. For the former, an extended staggered n-propyl chain was assumed and various orientations of -CH 2 + were studied. The orientation is specified by the angle between the -CH2 plane and the plane of the carbon chain. The popUlation analysis is shown in Table III . The coplanar form is preferred and corresponds to maximum 1-2 and minimum 1-3 charge transfer (compare with charge distribution in n-butane). The 90° geometry involves the greatest 1-3 (and 1,4) interaction, as would be expected from the favorable orientation of the carbonium p orbital. The norbornane and cyclohexane calculations are consistent with this effect; an examination of models indicates that cyclohexane corresponds to an angle of 60°; 2-norbornyl to rough angles of 0°, 90°, and 45 ° with respect to Sites 4, 6, and 7; and approximately 60° with respect to Site 2 in 7-norbornyl.
The conformational problems in a molecule containing a carbonium ion 1,3 to a double bond are complicated. Sixteen conformations were studied for the model compound, the 4-carbonium ion of butene-1: two possible orientations, eclipsed and staggered, of the C a hydrogens with respect to C 1 =C 2 ; two choices for the location of C4, exo or endo, for each of the above, and four rotamers at the ionized site, i.e., plane of -CH 2 + 0°,30°,60°, and 90° relative to plane containing C 2 , C a , and C 4 • As for butene-1,4 the most stable conformation was nonplanar, eclipsed, exo, and as for n-propyl carbinyl, with CH 2 + coplanar with C2, C a , and C 4 • There was some evidence of increased stabilization of endo forms with a favorably oriented carbinyl group, but steric considerations dominated. Charge transfer from 4 to 3 and 4 to 2 as a function of orientation was similar to that in n-propyl carbinyl, but that from 4 to 1 was more variable. It be noted that all these calculations are for unstrained conformations and that the problem of stability and charge transfer in strained compounds is much more complicated.
Returning to the trigonal cations of the bicyclic compounds, we see that charge transfer is limited in (f) and (h) of Fig. 7 , while significant in the 6 position of (b) and 3 of (e). All of this is consistent with the conclusions of the above paragraph. It should be noted that the problem of where the hydrogens really are in (b) was not attacked, but the reader is referred to the section on CaH7+.
For norbornene, 7-norbornenyl, norbornadiene, and 7-norbornadienyl I have also investigated distortions in which C 7 is moved on an arc in the plane bisecting C 2 -C a and C 5 -C 6 , constrained by keeping C 1 -C 7 and C 4 -C 7 at 1.54 A. The examination of this distortion was prompted by the study of Story and Saunders22 which indicated asymmetry. The deformation is measured by the angle of deviation 0 from the symmetric form. Norbornene and norbornadiene prefer 0~00. The calculated potential curves for the 7-cations, shown in Fig. 8 , confirm the conclusions of Story and Saunders. 7-norbornadienyl, a most amazing ion which does not take full advantage of the symmetry offered to it, clearly deserves to be called nonclassical. Distortion and stabilization are correlated with improved charge transfer; for example, the following relative charge distributions are obtained (compare with Fig. 7 N two earlier papers,I,2 an examination was made of processes of excitation induced by electron and photon impact, for cases where the products become subsequently ionized, and hence detectable in a mass spectrometer.
The results of this work suggested that to a degree of resolution of 0.05 eV, the threshold laws governing such processes were indistinguishable from a step function and a li function, respectively, of the energy of the existing particle. Chern. Phys. 32, 378 (1960) .
